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(54) mmco^m m^-^>i-/f-^~f^mmmm 



(s?) mm 

«WffiUi*£\ «fc J: l>fiS«^«-«^«Ioe-^fiS^5 o Omht* 9 

. Kb-^io«»i^i 7 or* wv^fc. b ) mmmmmtci o 077««± 

) 1 5 9 0c m-'ftlCGb a n d#|0S?#tjStVaGb a n dtfmiX^&Z. t , & 
t>*(2) 1 3 50cm"' (Dband) ffiS<oe-?ttS#l 5 9 0 c nrM+ifi^t™:? 

immi %i 
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m 1 n tcii] 

ni) tlltti^ 

( 1 ) 1 5 9 0 c m- 1 #5£fcG band *«§tLjg.VMG band IX t > 

(2) 1 350cm-' { D b a n d ) j»t*-?ft£^ 1 5 9 0 c m-ttfifiOtT- 
l/3Ja"FT*&£fc. 
[1112] 

[11*48] 

mHftjffi*3Mft£J: *«Bft*W-iWllt#ia«W)i:-^ffiB*«5 5 omtTfc* , 

nana i teEW^*-#y^y^a-r**Bj«ft. 
[M&K5] 

ffliea^wa&jafcJ: i>a«^-^»«^e-^^«^i o owe* 
cii«] 

, 1 ~4^)V^^clBK^m«^-*>-/-/^ A -7'#^M^„ 

fj'IB1350cm-! (D b a n d ) ftifitf>tr-?»3#l 5 9 0 cm-'fti£«0tf-^ 
itS^c 7 ) 1 / 1 OfiTFTfc* . MRP* 1 -6<7)V^-fix*Hc|Ba<?)«^-*>+y^ 3.-7' 

ffil350cm-' (D band) ASK)*:-?**** 1 590 cnriffiSwe-? 
*3<9 1/2 0WTT*S , 1*1 1 -7cO^-mMcfB®<7)*-l*-*>^/^A-7' 

MiE*-^^/^*-?'***^*^? V yjRSL88JK£ ( ili@£Jt 4 8 8 n m ) 
T'«^ U: t £ . 150-300cm-i <75IH<?)&* h°-i? £ 2 5 8± 5 c nr 1 t^Tt $ , 

immoi 

T»L£fc2k 1 50-300cm-^^-#^^-;?fc2#gG^^t°™? 

«l**l2 0115cm- 1 , 258±5c nr»<DffiW=*S, 1 ~9W>f 

ft^cfBi^M*™*^ /f~ a-?**!!** . 

ffllB^-*>iV^^-7#»miJ^^I?-7ytS»ffi <IMt6 3 3 did) 
TttfcUst*, 1 50~300cm-»<0Bk^fc*:ir-^tl93±5cm-i(C*t4 s 
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w*-#yi~s**-7ttmfo*mjv>icaMss&; (mmmm 3 3 m) 

-eWMUit*. 1 50^300cm-i«H4)ibkt-?£280±5c«-ifc^£, 

ill <7)\^t>iizmnm%-*yi-;T*-7%%mm. 

IfMl3] 

SMffi («3«JH88nm) 2nm&.TTi>&. Mf#*l-~1 

mm (rmmm s s nm ) t a otisu^aa* i. in mtiTt**. ii*^ i 

- 1 3W>-f^HciB©c7)M*^*>-h/f-i-y#^|Ut!tl!). 

IMS (Jnfittft488nm) fci 9«etfcT*WWl . 0 n rnKTC* * , 
[IM16] 

mlB*-?^>^/f^--7--t^M^5®)SMm^«^tJ: 0 1 0 0 WXb^K 
WUtl, 1 0 0nmH^lWlf^^<ifc3 0%^-^^Vf-^-7- 

ria»a) mb) mfctm*-xyi-ji-x~7&tmm. 

a ) m^-^yi-y^^yt^mmmm^c/^x-^'px'mvruz^ 

b ) 1 0 0 S«JjLh<^PW=«»Uft Ufc fc * . 1 0 0 n mE3^ 

?i»Mm^-^< tt i o%m~xyi-;i-x.-7T$>v), W3—&y-fJi-3.-7<r> 

7 0%&±,mm%~xyi-/?-*-7'X'$>z>zt„ 

immm 

m%y^ymmmm aai4 s s nm) t-tisiu:^ , 1 5 0-3 0 0 c m-> 

[11*3119] 

#,|5vymilKa (MfelU 8 8 nm ) TflBKUifcS . 1 5 0-3 0 0 c nr> 

8± 5 c m-^fig^J>§ . mi#-*>t/^-7'#iri». 

[11*1120] 

#»5vyRftaJ$S£ (IKM63 3nm) TWfcLfck^ 15O-300cm-' 
c»gy;t°™? £ l93 + 5cm-' s y f-a-y-MHfWU*. 

[ff««21] 

mfl*-^y+/f-^-7'^«^^*«7^y®[SLiKi£ 3 3nm) 

THIS IKbS* 1 5 0- 3 0 0 c nr ! fflMmkV-t ^280 + 5cm-' fcfrf * . 

msssi s -c/*T^a* xmm l , mmt x i MAm^-mmm^ e 
-tmi? 540 °ca±t-* izt mwttmm 1 8-2 1 w^jwehwjh 

[fp^pa&fpjj] 

[0001] 
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[0002] 

m, ij-ftv+J+x-l (OT, r CNTj fcfclfrtS*^**) tfDif^H 

[0003] 

se*, cnrcomm-mmmtLz, r~mwi. i^-^mwA. movum* 

[0004] 

art**. mmwzNi/Y%Emmm-$x7-?%mi'itok, m 

rt«(£JMICNTt4)«S**£t*fr*6. M7-»lffi, fcKtfiKKttJlStt 
JWt«J*V^CNT«r4sg-r6ifc3!)*TS$|i|jS3& t *6**. *ORiS. i) 7»7tXr 
SWEWfc&flfcSfU, i i ) i i i ) ±&^mmiT^Thi^t'(0 

[0005] 

mmt^MsStf&htf. mm^<. xmmmmx-mm-iztmi^tmbii 

[0006] 

Site, CVDW: (Che mi ca l Vapor Depos it ion 

m) a. mutzzmitsm* 500-120 ovxnmmw&^tm^t 
ztizx>ocNT^mti-mxhh. m&mmm&xt/zcommm, m-tt 

T^^fcAjftts-fcwss. tfz. %mmm±.i,zsm?z>ztiz±v, mmiz 
mmizmftLtzmcNT&iuz t &*rttr*4. 

[0007] 

NTSr#$*&^r?fl^LT^S {Che mi ca 1 Physiscs Letters 
, 260(1996), 471-475). £«*4Stt s MfHfctfXi: 
rtfcrfca^jfcfcttWvtfciJs it^#JSCNTOit*i.iSV^m^TV^^ £fc 
§Hfc#lCNT(i-®icMfi^V^tV^X^#tTV^|> 0 gtfc, «CNTJ« 

^ffi 3 fc*>2c&±<9iigB#fc § . c v d at j; § we uT<mwmm mmtm 
tstix\->i$K ^•ftimmmLx?>-&bcNT *<vm cnt o jt*a* 2 0 %ht t 

[|»i»] 
[0008] 

[0009] 
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[0010] 

[0011] 
[0012] 

(1) 1 590cm-»ftietG b a n djPm&ft&tfKG band«LW 

atf 

(2) 1 350cm-' (D b a n d ) tfififf>e-?*3#l 5 9 0 c m-'ftSS^i:- 
^*S01/3JaTT**it. 

[0013] 

DT'J) § £ 1 1, Wft t -T4 & « . 
[0014] 

[0015] 

b ) ffiflfflt? IKt 1 0 0 Jjim±.mMlztm Ltz I1Z t * , 100n mRfrc?) 
[0016] 
[0017] 

jW?-? yjsaasjgs (»«h s s n m > rmm Lizt*. 1 5 0 - 3 0 0 c m - ! 
oiao&fctr-? & 2 5 8 ± 5 c m-ifc*rr$, M#-*>tv^-7'ii-*«tt. 

[0018] 

»iy v yfcaiM ( mm&m s s n m ) u: t § , 1 5 0 - 3 o 0 c m- > 

<^IBI^-«^&^tf-^f:2#Bt:^SV^-^t*s. «l«l20 1±5cm-i. 2 5 
[0019] 

« ? vygMi®S£ (B®«*6 3 3 nm) TIISU^ . 1 5 0-3 0 0 c nr> 
^H^>*b*:t-^ £ 1 9 3 ± 5 c nr 1 . *l*-#y*/*A-7-MnlJS». 

[0020] 

#S*-#>-i-/^i-r**m%*^9^>«a3»a6 (I&WI6 3 3 nm) 
TfJSfcUSfcS.. 1 50~300cm-'c?)r s 1<?)fi±f-^Sr280±5cm-ifcWtl>, 

t?P.MII] 
[0021 ] 
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[0022] 
[0023] 

mmmm-#yi-/i-*~ymmim<7>smiz&^T, mt lxi±. mm* 

[0024] 

*«wc«w««BkLTas*v\ **fu *ia*js«rf-iMb^(co) 

[002.5] 

, i-^;l«t>WcWB4IR«SivSrv^, ff*t<Ii. jWHR^l-l OWtfi-f 1 ^ 

M*fci*t\w?*\>\ tits ^-Tmte-o-minmx%ii>mzm%LZti-f 

[0026] 

, iso-7n;V-;K n-/^/-;k iso-7'?/-/K sec-/?/-;k 

/k n-/7^-;k MXn-T#/-/k^£*ffl>£fc#T££#\ ift&teRBSS 
[0027] 

iiz. x-f/MWfcLT. Mxii'. i>^;kx-~f7k yXf-/kx-f7k ^kxf- 

-;k x;?y-/k n-TnAV-/k Mfi s o-ro/V-;l^)^5r< fc{» 
[0028] 

£ t tfv* h. e y $ «t a (W?k)imoT ^x i>frtb&\ m 

[0029] 
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100303 
10031) 

oomts «F*u<ti5 5oxya±> x^mKms owmzi-i^xw * 

[0032] 

it, tf4b<tii 0O0°C. «t")*Fftt<tt90 0t:t > **<o**J:v^ t&i>*>s M 
aU£ii 1 5 0 CTCiiTF. #* L<ii 1 0 0 X Off* L<li9 0 omFfc** 

[0033] 

ixhXMit-x>+;+ a-r<oaft/h(c*-*£ tars , afcj«RfflflE&(9f<-f 6fc , 

[0034] 

-tofcthzbtf-Qth, mz, m4^^m^~^yi~y^^~y^mt^^t^T 

[0035] 

mmx-hh < i ) r-^mm. ( 2 ) < 3 ) cvDi6frtfte«* 

[0036] 

itl^««^f»Wi\ tfUif. Fe. Co, Ni. Mo. Pt. Pd. Rh, 
I r. Y, La. Ce. Pr, Nd. Gd. Tb, Dy, Ho. Br, fflfLuftk'X'fo 
£. #*L«i, Fe, Co. Ni . Mo. Pt. Pd. Rh. Ir.Y. 0Ce, P 
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r, Nd, Gd, Tb, Dy, Ho. Er, &&LuH:Z*mT&Z.b&?%i>, 
ZtimS-bm&t. MMFe/Co. Ni/Co. Fe/Mo, Co/MoftH ; 

[0037] 
[0038] 

mi. *fmem*umt%h. mmmmt. mm%zm^K wmt* 

[0039] 

4<0T*F*U>. *fc s -tf*^ Mi, WWMttfrTlifcV^ 
[0040] 

[0041] 

mm^ y b , fsnttr^ $ / ^ y h , tta&x ? d ^ y k nsfttt* ? 

oT/WS/S-'y^-K Sn? B tt7^S77*X7x-K i»?D7^S/7tX7 

YXY^9i-^794TX <7^- s ^/Vyy, ^oft-, 4f*9^y, 17(1 
/2K1996) (Atlas of Zeolite Structure typ 
es (W. M. Meier, D. H. Olson, Ch. Baerlocher, Zeo 
lites, 1 7 ( 1/2), 1 996 )) fc%m%ilX^mm fc^&ttSSS^TL 

[0042] 

$Bt(2, A^tfS^SfFAUlL MFIi, MORIL BEAM. LTLSL LTASL 
FER£r&&#, £ftteRje3*i£0. X#*WB«8*»^. ttftttTA'S/^y^-f 
TFAUl, MPII, MORS!, BE AS, LTLSL LTASL FERST'^I>^* ? 

miw 

[0043] 



( 9) 



ffii32007-70224 (P2007-70224A) 



t/fa-^KikliSl^B^ (Chemical Physics Lett 
ers 303, 1 17-1 24(1 9 99)), iK, 8 00\:Sm.l1UKT*1- 

pytmmwL^^-i hmm^^zt^y), ?<~i$?mhtfm$~ 

tl%^Lbimt>*X\>fc (SS2 1 17 ^-I'^y^y') Aiigg*, H 1 3* 
7M) . 
[0044] 

SEWi . ( 1 ) mMztf-kMM^mMiTfc &tt. ( 2 ) KJEfflfi&&« 8 0 0 TCJ3TFC* 
**-#y^/f-cL-r*»r§4ii:, (3) «tfo^-^^y^^-7iiijS^ 

[0045] 
[0046] 

A Y *qrt**SMSfi«fLi«ffl LT -3 4 < &Jg*%tfc£*VO^ £&>X%h b%i bitft 
[0047] 

~5oo<M3T*§^*w£U\ mmmim^imw^ m$m*-# 
>i~;i-*~7£ft&tzMzmkmT^mmmmmti^\ -at 
fcWSMfcWB^fcSfti, ( 1 ) ;iiitt7/u$/-7*x7x~^ (2 ) »ttr;ws/^ 
v*t-y#*5<( k (3) mmr)v$./vv>r-yfrh. rim~*?&*m;LkM 

7^5-»>A^9-f b (MT^S-^A^il^tl^W^y^i^^ttr^Syx'Jy- 
[0048] 

mmi^mT^-mizmfr ixm<g±Mfrbimzt, mmmmm^tx 

[0049] 
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[0050] 

*ff>tfZ0)%S&kLXit. mXim&tfO. l-200Torr(0. 01-27k 
Pa), VtKliO. 2-5 0Tor r (0. 0 2-6. 7 k Pa) , X*)Mtl<l>t 
l-2 0Torr (0. 13-2. 7kPa)T*£„ 1 9#T-£ L<{i. 1-10 Tor 
r ( 0 ■ 13-1. 3 k P a ) feCTTft* . dir*ff*«liV>t , #Jl*-*V^y * » 
~7Xo7^7 7*#~#y^tm&fcW<ft£. Sfc, *ffiW6tr^t#JiA- 

"Ci*»4^*^. m#?Wi4mtiWx%}ztf#&lX\vZ&frti&:\\ BE 
[0051] 

[0052] 

»iiejJKLTiSmfc Ltx^HMgifc LTffi^tl> £ t 

u\ y r^viifflBita* t > t ware** . 

[0053] 
[0054] 

a ) Kmrnzmmmmtzm m 

«^lt^t»t SRaES^-S^HSftOBBUXti^E* 0. 1 - 2 0 0 T o r 
r (0. 0 1-27kPa) fcU #oWt5 0 0-1 5 0 0 4 CT-«M£«^iCj; 0 

[0055] 

a) KJSSrttfttjHE&iiafSlS; 

b ) frtSMfc, 7^3-;H«&t/x-T^M*^^l»p3!?^Stf^l»^< fc h 1 8 
WBSSRfctf S s KRSfc^TT S 0. l-200Tor 

r {0- 0 l-27kPa) tU *>oiBS5 0 0-1 5 0 OXTCSMS**;: fc tei 0 

0 , «E4«S<ifc*-JK W- /^*-r(MMEIWto-«Kfi*^«. J: 3 eft 
$>*ll>i:£te, I^-^y-h/^-a-7'#*«i!^®iiSffi^»T'l 0 07J«fiLt 
f0¥»t«UcfcS, 1 0 0 nmE^ISlBW^ : 5r<fcfo30%^-^>t7^ 

[0056] 
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a ) Rmmzmm^£^tTM 

b > mnmt* r^~mm^~T>im^^mtf^Mim^^< t 1, 1 m 
<mm-%t&-%mmmm. 500-150 o*cTK)*s*5i tt j; 0 

[0057] 

a ) RRSSrttcttJS^SStSIS : 

b ) mmmmzmmms 00-15 00x1*7 #atsHL 

c ) mtmm^mzmitdk, imB^nmmz-tiiM ; m 
mimi^%< 1 1, i@«^**ti.*»^ j ^ 7 )ffi*x«±i}-flE3() i o. 1 -2 0 oto 

rr (0. 0 1-2 7 k P a } (c*^ ± 3 folAU wKMIhfItt§€T^-?K>ty 
[0058] 

j&/w±, r>?v y/^y h tiwtlHHit^fcKiWt mb^lhfih . 

[0059] 

tot LTJff* L<fflV^fl$. 
[0060] 

! &X^miZbifiX%%>. 
[0061] 

ztmmx'hht^nhiih* mtm^mh^mmmmmt. mix 
mmmtx^th^tmmx^t. t&*>*>, n& **ft#*f-*Mfww 

[0062] 

-tfyi-si-x-rtmmimmn&mm (ted ti oomw±vwitt 

lb. 1 0 0nmEg^S»^TSS®a^ : Sr<tfolO%^*-*>^/^^-7-' 
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[0063] 

^K&mifcrt*?** (H2#Eg) . 
[0064] 

fi^K^&^&fcSfUJMW-tf:^?' a-7"{£. 7W7r^*-;i<^A 

^®«M^wig¥S^#i> i t »±r # s^ofc . iaif»* i o o mx-m 
wmsm±. mm-mmm^mtmxmmtiutmi u\ 

[0065] 
[0066] 

[0067] 

MIWtttiW*v*fti:$r*. fc-WA,. mi*-*>^y^*-y-&*IM^^cott^<7) 
SSOmJt^tW. 5 6 OiCfeLL«^> 5 7 OmL^&O. 5 8 OXJlSUhWkOtf 
[0068] 

if ¥«6(i*$ < -fS ; t **C* S . 3^Bfl««3S*tfefc Jtftff , 1 2 0*C& 

TOt>f>, 10 0*CJilTtf)t><?X 9Q°cm<?)i><7>, 8 01CHT<Ot<0, 7 O'CWT^ 
tf). ^l>^-7^^OttT{S6 0'CJy.T^^>«U#^S. apfflftWv&nfc^i 

[0069] 

^-7t-m. ^i^-eysmij^tcto-e^efgsri.mti.ifc^^i.. kmjs 

<#*;fr-jJfWV*-*-:to*S ( nm) ) 

= 248/ (RBM^n^h (cm- 1 ) ) 
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[0070] 

IjS«488nm) £ Lft 1 5 0 - 3 0 0 c nr^g ( 3 1 0 c m- 1 ^ 

[0071] 

mizk&T%&. zzx\ *mnwmmz±m^ft.tc:mm~y£>i~/^*~- 
mt ix , OT<wwn&»fcr ( 1 > - ( e > <r>6w&>t>0>imfiz. t svc* i> . 

[0072] 

-^c7)^IS*U 7 0*CJ; 9'Jv&^£fc . 

8nm) TfBKUfci:*, 

(1) 1 590c m-»fflfcfcG band3WR««5WSK>KG band» 

(2) 1 350cm" 1 (D b a n d ) W3fi«e-^J[S*»1 5 9 0 c m-'tf 
jfiiD t* - ? VlW 1 / 3 &TT'£> * i £ . 

[0073] 

( 2 ) JaT«^t«^IW*-#^/f-a-r*SlWt*. 
Lft*&s «t<i^Sfi«^c?)-?M^W*Ot--^fifi^5 7 0 c CJ.XbT*D. Ktr 

b ) M^-^yiv^x-r^iM^^a^m^m^Ti o oTraiajt 

<#¥35fc8H0 Lfc t § , lOOnm H^IfM cO^& <fc*>10 %^ - / * 
[0074] 

m) XWmitzk^ 1 5 0-3 0 0cm- 1 ^M^**f-^^2 58±5 c m-i fclrt* 
[0075] 

(4 ) mti-yn>^j^a.~7%i?mmm7^ymLm%. mmm^asn 

m) XWmLfzkZ 1 5 0~3 00cm-»O|^-S*M>e-?fc2Safc:A;r^fcr- 
?4s'20 1±5cffl-', 2 5 8 ± 5 c m->05OTfc**m*-iKy+y 

[0076] 

( 5 ) *JS*™*>^yf~^-7'^S«ft^mi^-7yEMK (HSifeSG 3 3 n 
m) TWKUlfc* 1 5 0~3 0 0cm-i<9tataft*t-?£l 9 3±5cm-> tfrtS 

[0077] 
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( 6 ) m^-^yt/^^-y^mmsmm^ym^w^. (issie 3 3 n 

m) XWMUzk.% 150-300cm- i »)S*t-^^2SO±5cm-HC*t-|> 
MM * -sH^t / f - *-7*£3*JiBfc. 
[0078] 

-?ffiftf5 0 0mh't&*. »MtlrtfcTG/DTAW(fWM 

SSM^O~&8MM»fctt, -jKCDTGf:llftffi&i»<Ot!'«>l.. 3 
Mi. D T A T"?»t - ? #Tft«Mt jMrt . 
[0079] 

WJ:<j9I^T^6, *H^<7)Mit^T'4)tt^iS^TGA0M^EH 6t5rf. 
[0080] 

*^lOTGA^-|»!iSi:Ur^aiOt-*^. *«JlOmg£0«iSR^ffl^T, 10 
O'Cfct 1 2 0*im»LtiS»**Wf)IBsv^fc5'C/*OP-hT#aUfc. »H 
St LTtiSiHSrfflUfc. H 1 6fcli, SffiSfl: (TG) . 3K£»a*f (DTA) , fiS 
SEfll»#(DTG) SrSSrt. DTAO'J 77 1^>"7 t tTii, Swa^ty*M^fc. 2 

5 0W400 "Cfc&ftl, ^»^SStSM{±±tl«^,S^lMkt J: &t>ff>, 4 0 0 

-c^ 5 o o'azm^M&m^r^^y r ^-^ymmmm, s o owt 

6 0 O^tcattSMSfeWWBtf-tfV-JVf i-7*«SMfcfl«RJ6, 8 0 (TCJ; 

-fef*?^ htA«tt«-ca>*. *n«tisv^ii, 500^^700 

yfa-^t*!; ii5 0 0°C~7 0 OVCOMMW^Xh^, 
[0081] 

[0082] 

y'cotim^ IX \> , 7 f- ^ -7VjFit«5iW < & S . MfeWM t & 

36*6 i 3 it, RJE*ttt:3 y hn-^SittJ: 0 . tWEtr-^fflB* 1 , 5 4 0X%J± 
OfcOs 5 5 0'Ctih^t^. 5 6 0lCtLi:Ot)<0. 5 7 0m«^- 5 8 0*CW± 
0li<7) 
[0083] 

17 0t:jaTTA*. £fifce-?fiati:Hfc. *iiX/-*>^7^i-7'« , Wt ? )» 
0"CiUT^t><0. lOO'COT?)^ 9O°C0.TCO*>^, 8 0^TR>k<7X 7 0°Ciit 
[0084] 

mm<nmii-$yi-Ji-3--y'te. $&ut±±mm* m^mm^tzmx- 
i>. ±.m* d mmm t **r* * . «tsri&*Ui9s awing*?* 
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[0085] 

8nm> TSfcLfcifc, 1 590cm-iftiSfcG band«§flMlG ba 

Ti> - i <04H8£*r§3rV tf§£ t, * S# , RJSfcfr G band \zmk<T)h h 

[0086] 

8nm)-C8WtfekS, 1 350cm-' (D b a n d) fli£<oe-?*£fc 1 5 9 0 
c m- 1 ftS« ^ib^ s 1 / 3 tlTT* § £ t MMTfo t.WB1350cm-» { 
D band) ftSSW-? WS** 1 590cm-' ftiEWtf-?* ScDitfi^&V v£#, 

<ttl/l SECff*t<iil/2 0J3lTTfc&. ny fn-;V 

"Wltfffl r> T D / G VtfcOtWSifcj&TS*. 5 V y O * ffi»C 

fe^T r fMj fcii, ±10cm-»<9£fc£M3. 
[0087] 

**-7«>lffi* a y ba-/WTS *i t ttjff * t < s #f6i?rraia 
*, ««0»Etr3>hn-;^iSgrifi'5. I^M*~^y^/f^--7't«Mfe^* 
«?vyttSUfB5£ (K«4 88nm) -CWEtfct*. 1 5 0-3 0 Ocr'«) 

«*t;-^ 1 2 5 8 ± 5 c m-« k^rtsiw^-^^yf-a-^-Mrajftft^, *-# 

^yf>A-^#*Bj^fc^5V>mWe («S«£6 3 3nm) TftSSUrfcS 
, 1 5 0-300 cm-iOl«Oft*:tr-^fel93±5cm->X»i280±5cm-ifc* 

a-y(4s «B»*4 8 8nm-C»gtfci:*t. RBM<7>4>T2 5 8±5 c 
m-i<!5e-^*«ftt>^*^*>, 2tgt^^W«*J)J. 258±5cm-ioe- 
?**2#@K**V>fc*tiu 20 1±5cm-'T&&£fc##«T 

[0088] 

SW^^ttSUJEffi (MM4 8 8nm) K±9ftfc**l&<3e-?JN>. «Ti*<?> 
=t a fc^Sfctffti t , l . 2 n m&To*«;&-#y*y -f 

[0089] 

( i ) uvmamt Ltfflv*^tfMiw\ 

( 2 ) »^h"h^^P^L^«B^^§^„ 
¥*WEttl. lnmJHT. *F*L<fil. OnmJTR^y hu-^ltm^t^T^ 
*. 

[0090] 

o omm±xmmu 1 o o nmffi^ 

[0091] 
[0092] 

*36BS«S53g*^aati. MSMM^fc^SfK ^M8«#II^i:ie»lM 

t t^jdsmaauKt T*t-r *> 1 1 «t o w -& - t **rs mwmmm 
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^mmmmmzmmiz. tire* & . 

[0093] 

«rfW^f$tiTv^^iff, mui~r;x*r~mm, wm&v^Jxt. mm 

[0094] 

i~yj^j?,u*m%\LxwK &mTmw-%\\ mm. ■ mma&m 

[0095] 

[0096] 
XtlMl 

Yffl-tf*?^ h (HSZ — 3 90HUA (*y- (*) *: ^U*/T/l'5+tt-»»4 

oo) ) ftig, mtsu (f« < <ch 3 coo> jFOm^spa^ c (ch 3 c 

00) 2 Co • 4H 2 0) HMILfc. &W-3rt/lrh#*tl&l2. 5wt%t%&£? 
fcfceGtloaiWWHM&Wt, 8 0X;T2 4BS««I8*T. ffiM*«Hlfe 
[0097] 

. WHjFrtfcJJrSiftK ( 6 0 OXX 6 5 0°C. 7 0 CC. 8 0 O'C, 9 0 0'C) 
4 4 "COBB (»3 0*BB) . =B£* *-7* («27ram) fl£ A rgfflfcT£ Lfc. * 
ftWfcii, ArWt200scc mt'SX^*^ . 
[0098] 

Loo, x^y-;l/#B!^TtLf-„ fctJ, ^K«x?/-/HBB;i5~~l OTo r r ( 
0. 67-1. 3kPa)T*>0. ££#y7£.fcr>T 1 0 0~30 0 s c cmOSSt* 

, ^3545— h±tE»A- 1 -A- 5 *#fc. 
[0099] 

mtVkmA - 1 - A - 5 &7-?>#%m < fflSKJH 88nra), SEM(ll 
) SI/TEM (EI2MM13 ) T«tlL^m, 110. 8-1 . 5 nmOifi*«J;^* 

[0100] 

Lte. 
[0101] 

(WBCNTOiffll (nm) ) =248/ ( R B MCOy^y'yy h (cm"> ) ) 
[0102] 
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m 






H!!C NT 


mm 

(nm) 


rbm mm 

&£633nii>» 
(cr 1 ) 


Fe/Co 




6 0 0 


A- 1 


0.9 5 


2 8 3 


F e/Co 




6 5 0 


A- 2 


0. 9 7 


2 8 3 


F e/Co 




.700 


A- 3 


0. 9 9 


28 3 


Fe/Co 




8 0 0 


A-4 


1.05 


1 9 3 


Fe/Co 




9 00 


A— 5 


1.14 


1 9 3 



[0103] 

ZttfTtte, imM33^tSEMffi&#TEMft/M. nmt£<#mm 
Scos v \$jg^ - tfyi-s^-a.- fX'h izb &m&T% tz . 

[0104] 

S3 £<* "9-ffit«A s #^LT*3 >) , 092 J: 9 SliiVTltnftTW 1 1 OTITIS 
*U 1 0 0 nmmi7^mm>X~-mfM9.<7)'J»%< 1 i> 3 0%tf&-tfy+/+*-7 

[0105] 

t 1 5 9 0c m-H«G ban dtfWKSflfct fcfttf 7 0 OiCllltTO 
RJtPCtiKG band^aLTV^it ; 1 5 0-30 0cm-MC#H^~^y+y 
^A-rAJfc-pfcOs IMM^-tf^yf-A-^WSfcltttfcK-? (RBM : r 
adial breathing mode) tfiU&SihJfci fc ; Mt/K*«#0*«* 
-*>^/^^~7'fc^Pjfl^r^7rXr^f33*<?)t^?j&U3 50cm-i (D b 

and) mm~sm:\^xiim^fixi>^(oh'^m^uztmm^tifc (m 
> . 

[0106] 

^y7^A-4{±#S3SS5°C/^t"SS\+T» v l»ft^lS*, 
S^O-<HK#SlSO t - ? ffiKtf 5 4 3 °CT* -5 tz . t'~ ? <#HMW± , 1 6 2°CT" 
il^ft (HI 8) . 
[0107] 

^fy7'/UA-4&, 488nm, 514nm, 6 3 3 n mtf>»iB&£TSJ£ Ufc 

?li 2 5 8 ± 5 c m- 1 X\ fc^V *tf- 9 }± 2 0 1 ± 5 c nr' T*S £ fc . 
6 33nm<^5^y#ff<^St"J;t ft*:^-:?^ 1 9 3 ±5 cm" 1 t^LT^S 

£fc 
[0108] 

(1 5 0-300) +^fc*:tf-^fi[B(cr?V^(±* 1 fc*L&. Sl®fci4 8 8 n mt 
« R B M ? ©-!<7>gi Utill 7 fc* Ufc . 
[0109] 
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[0110] 
I«2] 







(t> 


*]fCNT 


(nm) 


Fe/Co 




5 5 0 


A~6 


0,9 6 


Fe/Co 




6 5 0 


A-7 


0. 9 7 


Fe/Co 




8 0 0 


A- 8 


1.18 



[0111] 

fctffsfc. *Jts h^u^tem { sem) ft (flu mi-m^mm^) 

57y^IM«f»^, ISififfiJli:PI«'5rWB« I r*fc. 
[0112] 
3»J3 

iUtWlTfflV^WSSEFe/Co<Oft*>>3fc. Ni/CofcfflWC, Htt(CJN», WS> 

OiiH & H 9 ftlflS 1 0 , * 7 (Ejj<tf . 
[0113] 
MB] 





KXff 




miCNT 


(nm) 


Ni/Co 




8 0 0 


A- 9 


0. 9 9 



[0114] 

H^U^TEM (SEM) ft (ffiU EH-H3tHato*) 
[0115] 

[0116] 
[«4] 



aw 










mm 

(nm) 


Fe/Co 


Mg o 




8 0 0 


A-l 0 


0. 99 



[0117] 

0jpL*VVTEM (SEM) (fit, B3£Pitt®ft) fr^ ^6*4 < *»(Cift« 
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[0118] 

mmms 

mm i vi>mL?zm%~#yi-; - 4 1 bsi&sisw o „ 

W^f-a-^A- 1 lStXA- 1 3£#fc. fflU «|*-}Uy^/f-a-^A- 1 1 
<m%. X?y-;«|lTorr (0. 013kPa), »fc£60s c cmfcU A 
-13<7>*&, x?;-MH3Torr (1. 7kPa). flBit 1 84 0 s c cm 

£5tCfcVv?\ JSJI^-jKyf/f-a-rA-l 2^H)l^lTf)*l^-^y^ 
/f-A-rA-4fcffiaf*. WI*->It^/f-a-rA- 1 l-A- 1 305 

[0119] 
I«5] 







IK) 
(Torr) 


(sees) 




m 

CNT 




Fe/Co 




1 


6 0 


8 0 0 


A-ll 


1.05 


Fe/Co 




6 


S 0 0 


8 0 0 


A— 12 


1.05 


Fe/Co 


x.?/-;b 


1 3 


18 4 0 


8 0 0 


A --13 


0. 9 8 



[0120] 

EK*L4vvtem (SEM) {ft UIU Hl~B3fcffl**>*> WW-tf;/*- 

yf-jL-^A-i 1-a-i 3»4, mm<mizm<m^m$-#>-f;i-*- 
TZ'bzztmmx'Ziz. ttz. mm/mi i/win^^ mmmm. 

[0121] 

tl«. . fiimmiZfitMK , WiK6 T orr (0. ?8kPa) IXFTli, 

*a9W>EtoW6< . Mi if 6 To r r (0. 78kPa) JSTCtt. tiftttft 

[0122] 

mm^EMnmm^m^, muti 3 to r r ( 1 . 7 kp a ) xazti 

3Torr(l. 7 k Pa) X(i**Ua±tf)*&*ifT«, T~~MzWmm^Um 

*. 

[0123] 

MfefiJlT'ffl^fcFe/CoOftO^Co (5wt%) fcffllv x?y-/fc*)fWfc:s; 
Xf-/lX~ r/l^fflW v"Xf-;i/X-r;K?)£E7JS:2 0To r r (2. 7k Pa) kit 
HWi. SOtHli:B»flr*SteJ:0, MM. W*MI*-jKy^/^jt-^A- 1 4- 
A-i 6*i#ft. fflv^so*s«wiss&*6^^ ifc. mi^-^yt-/^- 

^A-14^A-16<05^>'*3^*f< , D4SilSrBl3t3^. §£>fc, 
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[0124] 
Cit6] 



mm 


mm 




mem 


mm 

(nm) 


Co 




76 0 


A-l 4 


0. 9 3 


Co 


$?xf-/tx— 


800 


A-l 5 


0.9 8 


Co 




9 0 0 


A- I 6 


1. 02 



[0125] 

t#l,it#'T#fv:„ E^UcUTEM (SEM)«({BU 01 3 i pffltofc 

[0126] 
HUM 7 

KHeH 1 fl*fr"C, «WPia!e* 8 0 O-Ct I, ^?J~)l&* 10Torr(l. 3 k 
Pa) tLX, ( 1 0*. 3 0*, 6 0*, 12 0*, 3 0 0#> fcSK.fcJ2l 

W4, jaiMlfc|HI*i*ffitCJ:*J. 1&\ ID*>#l*-^^/^i-7-A-l 7-A 

™2 1 tMrajjou^frftsoir*-. A-l 7kA-4im-y-yTii>Th 
h. 

[0127] 
[«7] 



m 


A-l 


A-2 


A-3 


A-4 


A-5 


A-6 


A-7 


A-8 


D/G 


0,33 


0.12 


0.06 


0.04 


0.03 


0.29 


0. 08 


0.03 


P 1 


257 


257 


257 


257 


201 


257 


257 


201 


P2 


242 


242 


242 


201 


257 


242 


242 


257 



A-9 


A-ll 


A-12 


A-13 


A-14 


A-15 


A-16 


0.07 


0.03 


0.05 


0.08 


0. 29 


0.09 


0.09 


257 


201 


257 


257 


257 


257 


257 


242 


257 


201 


242 


242 


242 


242 



(it) 

D/G : D band V~m%VtG band \±~VHk%GtoyVc 

P 1 :M£H488nni *^V##SHfrLfci:*0RBM ( ISO-SOOob"') 

P2 : AjBftft488n -e^ViWfe^rUytfcicDRBM ( 150-300cuf ') 

[0128] 
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ftMil— I 7~A-21<JDTGi9^fl££Ell 7fcDTGcO 

[0129] 

8 J; 0 , A-7'«ft^aKi±, KJEaffiOfttfiD {10, 30, 6 

0, 1 20, 3 0 0*) fcfcfcfc, 543, 557, 565, 563, 5 8 7°Ci:±#t 
*NMIt±,. 162, 112, 94, 83. 5 9"Ci:}&H-&. i^aiti. 12 

[0130] 
[«8J 





(t) 




^SCNT 


151* 
(%) 


F e/Co 


80 0 


I 0 


A-l 7 


3. 4 


Fe/Co 


80 0 


3 0 


A-l 8 


5. 2 


Fe/Co 


80 0 


8 0 


A- 1 9 


8. 2 


Fe/Co 


8 0 0 


I 2 0 


A- 2 0 


11.9 


Fe/Co 


8 0 0 


3 0 0 


A- 2 1 


2 5. 2 



[0131] 

X?J-m*5Torr (0. 67k Pa) £i^7 1 «fc 

»Kh wy«*-#yt>'ta-/A-22-A-26Sftfe. ©uraK&tfis 

[0132] 
[*9] 



ASH 




mm 

K7T) 


mem 


m 
{%) 


Fe/Co 


8 0 0 


I 0 


A- 2 2 


3. 5 


Fe/Co 


8 0 0 


3 0 


A- 2 3 


5. 2 


Fe/Co 


8 0 0 


80 


A- 2 4 


6. 4 


Fe/Co 


8 0 0 


1 2 0 


A- 2 5 


9. 4 


Fe/Co 


8 0 0 


3 0 0 


A- 2 6 


1 7. 1 



[0133] 

** (lOTorr <1. 3kPa) . 300#) . i^>t#. «WAIW=«t6«i* 
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[0134] 

mmms 

2fc, DTG*H2 3fcjR-$-. 

x^;^Kjt2Torr (0. 2 7 k P a ) *»fci||tt3*TH< £ , 
J**-y<Wm><ifflSth# t 10Torr(l. 3kPa) JsUbTti*0)ttSlttf«}: t 
lOTorr (1. 3k Pa) UOTorr (2. 7 k P a ) TttJiBTH tHWt 

[0135] 
gttftl 1 0 

fS27mm) rt&Ar#II$!lTfcUi. a*Wfcl±. Ar^200sc ctnTilA^ 
[01363 

«ae*«8 0 0*CtaL!t«t, A r #*SSt* 6 0 0 s c c ml, Ar#X^ /-/U 

UBBftteUfc. fcft. £0»<9X?/-/UMBi. OtWlBRBEttt-oT 1 2 To r r ( 
1. 6kPa)T&9>m0scc moa&iSrtisofc. RiS LT , 538^- h 

[0137] 

#6ftfc«»S:9vyiHfc»W(«B*ft488nni> . SEMRtfTEMTHaiU: 
ttA. DtSO . 8- 1 . 5 n mOAKO M>MC NTT»4£fc*WBLfc. 
[0138] 

6 3 3 nmTilJgtfc^vy;^? 5 0-3 0 0 cm-^+'Cll&ft^e-;? 

ffiSt*19 3cm-iT&->£. 
[0139] 
!W) 1 I 

27mm)rt?:-AriB^T(:U:. ft#WtCt±. Ar#X^2 00sccmt«AM 

!t. 

[0140] 

8 0 0°C£3SUcSL Ar#Xifl600sccmL Ar#X£x;?/-/M-5 

SSKbfc, Srfc, ^«^x^y-;^E!i. -5Wlgfi-C3}^5-iOTorr < 
0. 67-1. 3kPa) OIBT* 1^5-lOscc mtf>S£fl£fls->fc. JJcvy?, ft 

[0141] 

IIWcilK JVVftfflm (IWM4 8 8 n m ) , S E M&VTE M-CRifilLfc 

s*, mm. 1 . s n m^iv^ii^-^yt/f^^-jb h z. tmm 

[0142] 

6 3 3 nmTMftUfc^^yX^ h/W 15 0-3 0 0 cm-^cfT'ft^S^h"-^ 
ffiStil 9 3cm-»Tfc->fc. 
[0143] 

MM* 12 

i -cans Lfcs&fe«*<oi«ss*^siK- f mmm^m x-?n 
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i27mra) i*l£Ar+7j<SI (*«3«%) ©HMTtL^, ftttttfctt. Ar • ?Jc* 
m&tfx* 2 0 0 s c c mtlf AS^ft . 
[0144] 

4r*J, /-)Vm± lOTorr (1. 3kPa) ThK) . l&^YTfZ X -> 

T 3 0 0 s c c mWgS-lSrfi^Tto 
[0145] 

n 2 4 t . «t i. h mm^(o-mmn<^ ? ma 590 °ct, * 

[0146] 

J«J 1 

2cm-', jiiSir-R 5 1 4 n m t«f § t 186cm-', BjEifcH 6 3 3 n mTli 2 2 
Ocm-»T*-jfc. 5?yX^h^G b a n dfcS/s/W-ttfti-rfl* 
iMBKiAfe^A^Jt. 4 8 8 nmt«U^^ HA*feOT*WBl 1 ■ 2 1 nm? 

[0147] 

mm±.mnmm 

[0148] 

[0i ] nipj i ■mt>tLtzm%-#>*fj +*~?<r> s em****-***?* s . 

[RBI H»Ji T*^*iiSJIMI*-#i^-/f-A-r«TEM«*St¥Jt'C*5. 
[03] HSfe^J 1 Tl»fe*UfeJMi*-#W-/f-*-^TEM«t«f^KT*4. 
[04] &gKffl 1 «#«^-*>ty^^.-7'A-4<7)9-7y*^«f ( 4 8 8 n m ) ijg 

imsi mmmiwm$-#yi-sj~2--7A~i^A~5mvyftytm (4 88 

nm) (|*!t5%+Bffrft*. 

[06] ^lfFlJl^*M^-*>^/^^-7-'A-l-A-5«^y^*W (488 

nm) ?M'Mtfcff3mi^--*>^y^^.-7^i:fi^^^-ta-c*i>. 

[®7] H«M2«miy7-*>ty^.x-7'A-6-A-S«5^^^ff (488 
nm) £jS"f[2Tfci>. 

ins] mmm2^m^-^y-fj^a.-7'A-6-A-8^y^y^Mm (488 

[09] ^SSWl3^*i*-#>'+/f-A-7'A-9«7- : ?>iHEi«f (488nm) £ 
[010] mtm3mMA-Xyi-;i~x.~7--A-~9<DyVyftmVi (488 nm) 

fcftfc , wm^-^yi-j^sL-rmmm^tUThh . 

[011] ^JW5^#«*-#>'f-/^ J .""7A- 1 1-A-l 3(5D5vy^*ff (4 
8 8nm) £**ETC&S. 

[012] SJSW5<0lW*-jK^/f-a-^A- 1 l-A-l 3<D57y#3fefrffi (4 
88 nm) Wf*-!ify^y^a-^BS»*S5WC**. 

[013] mme mm-xy 1-;? 3.-7* a~i4~~a~i 6 c7) ? -?yftfcfttir (4 

88 nm) *ii*fHTfc*. 

[014] MIM6iO-M*~*V-)-/f-A-7A- l 4-a- l 6^5 vyftmtfr ( 4 
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8 8 n m ) frfcftfc „ -*>^/ ^a-7'^K^*£*rf HT J £> § , 
tHl5] »iil««^|yf;f J L-7'A-4<?)Igt*488nm. 5 14nm 

mm mmmgk (tg, dta, dtgi <nmmmmx'h%>. 
mn ) 9mm i x^u.Mii~Ky^j **-:^tg& gftB-c* & . 
mm mmnv^itcm^-^y^y^^f^DTG^m-mrh^. 
mm mmi7vi$$itzm#~xyi~;i-A~7mvyttmffi ussnm) 

[020] il»J7 t^Lfc#l*~*>^yf-^™7t07Vy^^|ff ( 4 8 8 nm) 
KA ( RBM) fcjR-fH?**, 

M22] mmm9T&mitzm%~$y-)~/i~±-7'<7)TG*m-mx'$>z>, 
i@23 ] mmm 9 xsm iiiw*>-#>i- s i- *. -i<m> t g zmm»> i . 

[024] MWil 2T^«Lfc*l*~#y+/f-a-yOTG2WDTGfrjfrrtSTC» 
*. 

[025] H»il 2T£&LftmX-~7tfyi-J~1~ A ~~f<D : 7-?yft%m ( 4 8 8 n m 
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mm&ttmmmm 2-1201-1101 

F9-Mpm 4G146 M12 AC03A AC03B AC16A AC16B AC25A AC25B AD23 AD2S AD29 
AD30 AD32 BA11 BB22 BC02 BC23 BC27 BC33B BC38B BC42 
BC44 BC46 



